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Abstract 
During the near-field acoustic holographic reconstruction, the finite and discrete holography 
reconstruction expression can be obtained by limiting and dispersing the holography field and the 
reconstruction field based on logical assumption. By comparing the reconstruction expression with linear 
convolution and circle convolution we can find the similarities and differences. Then DFT can be used to 
increase of efficiency in the holographic operation with the extended holography data by zeros and the 
transformed Green’s function. The method is approved by theoretical derivation and simulation. 
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1. Introduction 
According to the fundamental theory of near-field acoustic holography the reconstruction algorithm is 
an expression  which is defined within infinite and continuous spatial domain or wave-number domain and 
is strict theoretically without any approximation[1]. But the method of holographic data acquisition and 
reconstruction data processing  requires that all the data is finite and discrete. So we should use logical 
assumption and approximation to transform the holographic reconstruction expression defined in the 
infinite and continuous field into the finite and discrete one[2].  
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Based on the logical assumption and approximation the paper represents the finite and discrete 
holographic reconstruction expression. Then the feasibility which applys DFT into holographic 
reconstruction is confirmed by the detailed solution procedure. All the conclusion is verified by simulation. 
2. THE FUNDAMENTAL THEORY OF NEAR-FIELD ACOUSTIC HOLOGRAPHY 
The fundamental theory of near-field acoustic holography indicates that the complex sound pressure of 
any point on reconstruction plane can be present by the convolution integral of  GREEN’S function and
the complex sound pressure   on holographic plane. That is 
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, all the above expression is defined in the infinite and 
continuous real spatial domain. But the method of holographic data acquisition and reconstruction data 
processing  requires that all the data is finite and discrete. So we should use logical assumption and 
approximation to transform the holographic reconstruction expression defined in the infinite and 
continuous field into the finite and discrete one. 
Let us suppose that the aperture size of holographic plane is , and divede it into  planar 
sub-blocks which dimension is Δ . Supposing the complex sound pressure of each  sub-block is a 
constant which can be denoted by the complex sound pressure of each  sub-block center. So we can obtain 
a  finite and discrete matrix of the complex sound pressure, 
21
, which is N . On the 
reconstruction plane we select the area with the same size as on the holographic plane. Also we divede it 
into  planar sub-blocks which dimension is Δ , and mark it with serial number 
. Then we can obtain a  finite and discrete matrix of the complex sound pressure of 
reconstruction plane, , which is . The division and distribution of those sub-blocks is 
shown in Figure.1. 
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Figure 1. Division and distribution of sub-blocks 
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Obviously the right integration of the equation is a function just related to  and . So we 
can note it as: 
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Combining equation (3) and (4) yields: 
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Then the finite and discrete expression of the sound field reconstruction[4] is as follows: 
 (7)
3. SIMILARITIES AND DIFFERENCES BETWEEN         RECONSTRUCTION EXPRESSION 
AND LINEAR CONVOLUTION 
Take the one-dimensional sequence,  and , as an example, then the linear convolution can be 
written as: 
                                              (8) 
That is 
                                             (9) 
Where  is a finite-length sequence. So we can obtain an another finite-length sequence by 
inverting and shifting the old one. Then the convolution of x  and , that is multiplicative and 
additive operation, yields a new sequence, , which length is . 
In equation (7) the holographic sound pressure  is . But the definition domain of 
GREEN’s function g is the whole spatial domain. The infinite extensionality of GREEN’s function 
determines that there is a definite value in each point of linear convolution. So the conventional linear 
convolution can not be applied to the holographic reconstruction equation. 
If we change the GREEN’s function into a finite and discrete N matrix, then it satifies the linear 
convolution formally. But the physical  meaning of GREEN’s function is damaged, so we can just get the 
wrong reconstruction result. 
N×
4. solving the reconstruction equation based on DFT 
4.1 Holographic Reconstruction Operation Based on Circle Convolution 
From the previous section we know that the linear convolution can not be applied to the holographic 
reconstruction. But when we try to solve it we find, as long as the reconstruction equation be transformed 
a little, it will satisfy the circle convolution. 
Extending the holographic matrix  with zeros yields the new matrix  
which is . That is 
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Obviously in the right of equation (12) terms except for the the first one are all zero because they are in 
the zero field of the extended holographic matrix, . So the equation (12) becomes ),,( 21 HH zllp
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The equation (13) is consistent when . It is easy to proved that if  the components of 
the equation (11) is the principal interval of periodic sequence in circle convolution, when 
the equation (13) is still consistent. That is 
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4.2 Reconstruction Operation Based on DFT 
Equation (14) is circle convolution operation. Supposing that  
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From the solving procedure of renconstruction expression we know that the definition domain of 
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2,0( N
 is . But in the circle convolution the principal interval of periodic 
sequence is . The value beyond the principal interval are derived from  periodic extention of 
sequence. So we need to extend 
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 interval as the principal matrix of GREEN’s function, that is , then 
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In the operation process of  circle convolution the squence need to be inverted. Equation (16) is the 
inverted GREEN’s function. So ,the principal matrix of  GREEN’s function included in 
the circle convolution operation of holographic reconstruction, should be inverted .
That is 
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So the circle convolution expression of near-field acoustic holographic reconstruction can be written as 
follows: 
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According to DFT, convolution in time domain is equal to arithmetic product in frequency domain. So 
that
   (19) )1,0( 21 −≤≤ Nnn
Where DFT and IDFT are all .NN 22 ×
5 Example simulation 
Supposing that a sound point source locates in the original point. Frequency is 500Hz. Q ,
holoraphic plane Q , holographic aperture L , the quantity of measuring point is 32 ,
reconstruction plane Z , applying the equation (19), that is DFT method, to the operation of planar 
near-field acoustic holography. The simulation result as figure 1, figure 2 and figure 3: 
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Figure 2.Theoretical value of holography field           Figure 3. Theoretical value of reconstruction field        Figure 4. Sound pressure value of reconstruction field 
The 3 figures above show that the sound pressure distribution of reconstruction plane can be calculated 
exactly.
At the same time DFT is prone to fast algorrithm based on computer and increase of operation efficiency 
greatly. 
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